Personalization, the involvement of stakeholders in the design process, is often applied in serious game design for health. It is expected to enhance the alignment of a game to the preferences and capacities of the end-user, thereby increasing the enduser's motivation to interact with the game, which finally might enhance the aimedfor health effects of the game. However, the nature and effect of personalization have never been systematically studied, making assumptions regarding personalization ungrounded. In this literature review, we firstly provide a proposal of our Personalized Design Process-model, where personalization is defined as stakeholder involvement in the Problem Definition-, Product Design-and/or Tailoring Phase. Secondly, we conducted a systematic literature review on this model, focusing on health and its effects. In this review, 62 of the 2579 found studies were included. Analysis showed that a minority of the studies were of methodologically higher quality and some of these tested the health effect by contrasting tailored versus non-tailored games. Most studies involved stakeholders in the Tailoring Design Phase. Therefore, we conclude that involving stakeholders in the Tailoring Phase is valuable. However, to know if personalization is effective in the Product Design-and the Problem Definition Phase, more studies are needed.
Introduction
Games are designed to motivate end-users to play. Especially in serious-games, that are typically a bit less entertaining than pure entertainment games, it is important for the game design to optimally engage the end-user. Research has suggested that involving stakeholders (like end-users and domain experts) in the design process enhances the engagement and motivation of the user to interact with the product [1] and consequently improves the game's implementation in the user's daily life. Such stakeholder involvement is often called co-design, where end-users are enabled to influence the design [2] .
Currently, a lot of games for health are designed that involve "personalization", but clear and shared concepts of what personalization in game design entails are lacking. Besides, it is not sure if personalization contributes to the targeted health-effect of a game. Since theory on applying personalization in game design is lacking, we will use theory from personalized design methods and propose a theory on "Personalized Game Design". This "Personalized Game Design"(PDP)-model will be used to study if and how personalization in game design is effective in the context of health. Based on our PDP, we propose to define personalization as the involvement of stakeholders in at least one of the three PDP phases (Problem Definition-, Product Design-and Tailoring Phase). Stakeholders that can be involved across the phases of the PDP are: "designers", "domain experts" (therapist and care staff), "end-users" (typically patients), or "family/relatives" (of the patient). Some PDP phases are better suited to these four specific types of stakeholders than others. For example, designers and domain experts typically partake in the first Problem Definition Phase, by defining the problem and recommendations for focus of the design [3] . During the Product Design user) as personalization [14, 15] or as a tailoring variable [16] and some studies that saw personalization as a mechanism of tailoring [14, 17] . We aim to avoid this confusion, by referring to the involvement of stakeholders across the design process as "personalization". We term this complete process, as the Personalized Design Process (PDP). As will be shown, personalization can take place at different phases in the PDP.
The PDP consists of three phases: Problem Definition, Product Design and Tailoring. In the Problem Definition Phase, information is generated by consulting stakeholders, in order to identify, establish and analyze the problem and generate related ideas. This sets the focus for the 'to-be designed' product, and can be seen as the basis for the whole design process [18] . The next Product Design Phase includes both Ideation and Embodiment. In Ideation, the first possible solutions are produced, resulting in product ideas or design proposal(s). In Embodiment, these are tested and evaluated by users, and further improved through iterations [19] . In the last Tailoring Phase, the final product can be tailored to the needs of individual end-users. Tailoring a product can be done by an end-user, others or automatically (see Figure 1 ), for example, in the case of the game's difficulty level automatically adapting to the user's skill level. In this review we do not differentiate between Ideation and Embodiment of the Product Design Phases because both consider the actual physical design of a product. The PDP thus consists of different phases in which stakeholders can be involved. The last phase is the Tailoring Phase, which consists of two types of Tailoring: "User Controlled Customization" and "Use-Depended Adaptation".
Although our model shows considerable overlap with earlier models that describe co-design processes and include stakeholder involvement in the Problem Definition-and Product Design Phase, it differs with regard to the Tailoring Phase, which is not present in these earlier models (e.g., [8, 20] ). For example, comparing our PDP with the process previously conceived by Zebeko and Tan [20] , there is a large overlap between our Problem Definition and their Diagnostic phase, where information about an organization or community is collected, in order to understand the situation and challenges [20] . There is also an overlap between our Product Design Phase and their Design and Develop and Test phases, where the most appropriate stakeholders develop and prototype together [20] . However, our PDP goes further, by including a Tailoring Phase, to ensure that products are aligned to individual end-users within a target group. This is important, because, even in a coherent target group, there are always individual differences that need to be taken into account when designing a suitable product.
Games for health
Games are designed to be enjoyable and immersive, and can help to motivate or persuade end-users to continuing playing the game [21] . Games can also be used to facilitate the realization of healthoriented goals of the user (e.g., [22] ). A main advantage of these kinds of game-interventions is that they are always available, compared to face-to-face interventions, and often effective in supporting health related changes of behaviors [23] [24] [25] .
When designing games with stakeholders, the alignment of the game with the end-user's preferences, needs and competences can increase [8, 26, 27] , which in turn can motivate the enduser to interact with the product [1, 28] , thereby enhancing the persuasive feature of a product [29] . This is because stakeholders with different expertise (e.g., in design, the health context, or in their own preferences) have different point of views and can provide more complete insights into what the product should consists of and focus on. Stakeholder involvement in the design process of games is more likely to generate a health related transfer effect. Health related transfer effects are the effects a product is aiming to achieve, for example: effects on knowledge, mood, health, etc. Studies have focused on enhancing these transfer effects, by involving stakeholder in the design process [30, 31] . However, the effect of stakeholder involvement when designing games for health across the different phases of the PDP has not yet been studied in a systematic way. Therefore, this study aims to answer the following research question: How are Personalized Design Approaches applied in designing games for health, and how effective are they on health related outcomes?" 
Methods
In order to answer the research question, we conducted a literature study, with the aim of categorizing the design methods used in published empirical studies based on stakeholder involvement, as shown in Figure 1 . We searched the following databases: IEE Inspec, ELSEVIER Scopus, Psychinfo, PubMed and Web of science. Keywords that served as basis for the search terms were divided into four groups: methodology, object, context of appliance and research method (see Table 1 ). Only empirical studies were included; the following types of articles were excluded: book reviews, technical studies, theoretical studies, reflections, reviews, withdrawn articles, editorials, studies with a focus on algorithms and articles not related to health. We first screened the abstracts and titles in order to deselect studies based on the exclusion criteria. The remaining articles were then scanned based on the inclusion/exclusion criteria in order to make a second selection. Lastly, we carefully analyzed the full texts of the remaining articles. 
Results of the literature review
We retrieved literature from the abovementioned databases using the search terms in Table 1 in their design process. Because their involvement occurred in different PDP phases in the design process, we present their combinations. We first describe stakeholder involvement in the Problem Definition-, Product Design-, and Tailoring Phase separately, followed by the clustercombination of stakeholder involvement across the PDP phases. In 3.1 we discuss the stakeholder involvement, followed by the general healthcare and product effects in section 3.2. This is specified to stakeholder involvement across the PDP in section 3.3, which ends in a conclusion regarding the quality of the validation papers in 3.3.7. The closing section 3.4 describes the involved gameelements across the PDP.
A general overview of papers involved in the Personalized Design Proces
In this section, we describe stakeholder involvement in the different phases of the PDP (Problem Definition, Product Design (both Ideation and Embodiment) and Tailoring). X X X X
Problem Definition

Footnote: D = Designer; X = Domain experts; U = End-user; F = Family
Five studies involved stakeholders in the Product Design Phase. Three of them only involved stakeholders in Ideation of the Product Design Phase, where a product was generated based on their comments, suggestions or guidelines [34, 35, 37] . Two other studies involved stakeholders in both Ideation and Embodiment of the Product Design Phase [4, 36] . In the first study, designers were only involved in Ideation, where other stakeholders provided suggestions for improvement [4] . In the other study, components of a product were extensively pretested, and after the product was installed it was also previewed by others [36] . With "Use-Dependent Adaptation", a Kinect device was often used to give visual tailored feedback about the performance or remaining time the end-user had [55] [56] [57] [58] [59] [60] [61] and/or by tailoring the difficulty of the tasks to end-user input, like performance [52] [53] [54] . In "User Controlled Customization", end-users tailored avatars that could represent an idealized self or actual self [7, 44, 49, 51, 49] and others defined the objectives, difficulty level or specified the stimuli of a product [45, 47, 48, 50] . Eleven studies involved both Tailoring types, where the end-users provided input used in combination with giving tailored visual performance feedback [67, 68] , giving feedback based on the name of an end-user [62, 63] , or by adapting the difficulty level based on information provided by a user beforehand, e.g., through baseline measurements [64] [65] [66] . However, others (mostly domain experts) could also tailor, by defining objectives and difficulty levels, which was combined with giving automatic feedback about performance [70] [71] [72] . Of the 62 studies, seven involved stakeholders in the Embodiment of Product Design-and Tailoring Phase. The studies were mainly conducted in the domains of rehabilitation and physical health [81, 84, 85, 87, 88] . In one study, end-users with Autism Spectrum Disorders (ASD) played a therapy game with a robot, of which the behavioral and experience results were used to improve the next the experiment by domain and robotic experts [83] . Four studies involved stakeholders (mainly endusers and/or domain experts) in Ideation of the Product Design Phase and Tailoring Phase. One study used earlier guidelines that were combined with interviews and evaluations with end-users [77] . Involving stakeholders in both the Tailoring-and the Product Design Phase was thus quite common, however involving end-users in Ideation was least commonly combined with the Tailoring Phase.
Combining Problem Definition and Product Design
Combinations o f Problem Definition, Product Desig n and Tailoring
Only three studies involved stakeholders in all the phases; these focused on physical health [78] , mental health care [79, 80] , and/or where parents or domain experts could tailor the tool [78, 79] .
Problem Definition
Product Design
Tailoring User Controlled Customization Use-Dependent Adaptation Ideation Embodiment Task Virtual self 37, 44, 46, 47, 50, 51, 53, 59, 63, 75, 76, 79, 80] . Currently, researchers are optimistic that personalized games in a health context will generate a positive influence on interaction experience, interaction behavior and health related transfer effects. Interaction experience focusses on the subjective experience individuals have when interacting with a product [89, 90] and consists of experiences regarding aesthetics, meaning and emotions [90] , for example, when the end-user likes the appearance of a product. The focus of interaction behavior lies on all forms of end-user behavior when the end-user interacts with the product, for example, on forming, altering or reinforcing self-initiated behavior [91] . For example, if and how easy it is to use the product. Lastly, health related transfer effects are the effects on "forming, altering, or reinforcing user-compliance, -behavior, or -attitude", and can be regarded as a transfer effect of game-world related experiences to a user's subsequent behavior in the real-world (c.f., [21] for a theoretical model of experience effects). Health related transfer effects thus reflects the intended behavioral change of the end-user in the daily life of the end-user, e.g., the compliance of an end-user to the medication schedule [92] [93] [94] or enhancing daily physical activity [21] . However, the optimism that these aspects are positively influenced, is not supported by a great deal of evidence.
The effects of the studies, combined with stakeholder involvement across the PDP are described below in more detail where we evaluate the effects on interaction experience, interaction behavior and health related transfer effects. Studies in this literature review focus on either one, a combination of, or all three of these outcome variables and of the 62 reviewed studies, a majority (N = 46) focused on interaction experiences. The following five aspects were used to rate the methodological quality of the studies: pre-post measurement, comparison or control group, (blind) randomization, number of participants and valid and reliable measurements. A higher methodological quality means that at least a comparison or control group was present in the paper. Most studies included small samples (25 or less participants), and, hence, had insufficient statistical power to draw firm conclusions about the effects of involving stakeholders in the PDP. A majority of the studies generated information about interaction experiences, by using questionnaires (N = 24), interviews (N = 17) or observations (e.g., to see the end-users' facial expressions while interacting with the product) (N = 13). A total of 28 studies focused on interaction behavior, often measured by observations (N = 15) or by using hardware data derived from the tool itself (N = 14). A total of 40 studies focused on health related transfer effects, which was often assessed by questionnaires and tests (N = 26) and sometimes by physiological measures (e.g., heart rate) (N = 7). In general, data was obtained at pre-post [36, 40, 52, 62, 79] or during and after interaction with the product [44, 53] . Because the duration of the studies were heterogeneous [45, 54, 73, 83] , it is hard to compare these results. A minority of the studies used a control group (N = 17), of which eight had small to average study samples, ranging from 8 to 57 participants, and five had large study samples, ranging from 95 to 121 participants. A total of 9 studies randomly assigned their participants to either the control or experimental group [7, 49, 57, 61, 63, 65, 74, 79, 86] . When measuring the effect of a product, experimental groups are compared with control groups. Ideally, both groups are equal except for the independent variable (e.g., when comparing a product with a tailored product, and the only difference is the tailoring). This would make it possible to draw conclusions on the effect of the independent variable [95] . Because validation research in the context of games for health is limited, we not only took into account the control groups that received a non-personalized game, but also treatment as usual (e.g., no game-intervention), or control groups that consisted of other user-groups (e.g., healthy end-users [38, 42] ). There are many different methods for measuring study quality. As game research is a young and developing domain, we did not use these, since applying a strict index is not appropriate. A minority of the studies in this review involved a randomized controlled design, and a majority of the studies used qualitative measurements including a small sample size. In addition, the results were mostly founded on outcomes of questionnaires that were not validated. Table 7 . Characteristics to analyze the quality of studies involved in Problem Definition Phase.
Studies that involved stakeholders in the Problem Definition Phase were of low methodological quality. Results suggested improvements regarding knowledge and awareness about health, more specifically regarding (raw) milk and HIV, which could lead to behavioral changes [32, 33] . A gradual need to collaborate and enhanced social interaction was found in end-users involved in collaboration sessions with a multi-touch game [3], beneficial to the health problem in question. Studies that involved stakeholders in the Product Design Phase were of low methodological quality. Results suggested enhanced knowledge about health (e.g., about AIDS) [35, 36] . A study that focused on discussions regarding obesity suggested a doubled discussion time between domain experts, end-users and family, and improved self-efficacy of domain experts in doing this [34] . Other enhancements were found in social interaction and communication, combined with less stereotype behavior in a child with an ASD [37] . Lastly, feedback from end-users suggested that a product was feasible and acceptable with regard to what it aimed to achieve [4]. Most studies that involved stakeholders in both the Problem Definition-and Product Design Phase had methodological limitations. For example, only two studies had a control group [38, 39] , most studies had a general low number of participants (5 studies involved between 4 and 14) and a minority of the studies applied validated and reliable measurements, e.g., used observational data.
Studies which involved stakeholders in both the Problem Definition and Product Design Phases
Results of the studies showed that due to the games, end-users improved in various outcomes measurements, like their physical health. Examples regarding the improvements that were found on physical health, were some improvements in shoulder muscle activity [41] and in motivated participants that played the game often, of which one even improved movements and use of the impaired limb [40] . Other results showed that end-users improved their knowledge regarding diabetes [6], cardiopulmonary resuscitation [39] , and obesity and nutrition [43] . Significant correlations were found between physiological responses to stressful experiences and subjective evaluations on stress in PTSS (Post-Traumatic Stress Syndrome) patients, and a clear correlation between diagnostic PTSD severity and skin conductance responses [5] , which could be important for stress inoculation training. End-users with ASD and healthy controls matched on IQ, gender and age, showed difficulties in respecting the personal space of virtual others, but acknowledged that behaving in a virtual environment was different from daily life [38] . Lastly, in a study where endusers participated with both a game and a traditional leisure activity product, results suggested that some participants improved social behavior during sessions with the game, but that the control product made the user answer more questions in sentences and handle the object more [42] . Studies that involved stakeholders in User Controlled Customization had limited methodological weaknesses. The studies were effective with regard to various outcomes measurements. One study indicated that end-users showed physiological indicators (by levels of skin conductance) of emotions during gameplay, and that they had the feeling they were part of the game [44] . Besides, end-users were more motivated to play, and experienced feelings of competition and understandability of the product [50] , and showed behaviors and experiences on cooperation and playability [46] . Feelings of togetherness and mental stimulation were enhanced in a virtual environment [51] , as well as a reduced agitation and improved mood during an intervention with Alzheimer patients compared to controls [47] . End-users that participated in all conditions had more social behaviors in "enforced collaboration" than in "free play" [45] . Studies with control conditions reported end-users being more "aggressive" after playing a violent game with a customized avatar compared to a non-violent game and generic avatar [7] ; they also found that an ideal-self avatar significantly influenced prevention-focused behavior to keep this ideal appearance in real life, but an "actual self" was related to promotion-focused behavior [49] . Lastly, results suggested that controls had significantly higher progression on cognitive functions compared to the experimental group [48] . Studies that involved stakeholders in Use-Dependent Adaptation also had some methodological flaws and were effective with regard to various outcomes measurements. For example, two studies suggested that the users had positive subjective experiences while playing the game (e.g., enjoyment and a sense of accomplishment) and that they were motivated by the tailoring aspect of the activity [53, 59] . Regarding physical health, the physical performance improved significantly [60] , which was a significant [52] or a percentage improvement in motor and sensory impairments [56] . End-users that participated in both conditions rated the experimental game as more enjoyable [55] , and after playing an imitative collaborative game with a robot, children with ASD played more with each other [58] . Studies with a control group found significant improvements in symptoms and balance functions, with longer in-patient stay in the control condition [61] and that a product was usable, acceptable and it offered personalized arm-training [54] . A study that only focused on the experimental group, found that a majority increased their health awareness, connection with the nurse, but also experienced use frustration [57] . Studies that involved stakeholders in both types of the Tailoring Phase had some methodological flaws. Results suggested positive results with regard to various outcome measures, like positive experiences while interacting with the product, sometimes with suggestions for improvement (e.g., worries of falling while using the product) [66, 67, 70] . Physical health was positively influenced (e.g., postural stability) [71, 72] . A study that focused on smoking cessation, showed that at followup only 14.3% of the end-users had not smoked in the past 7 days, and that product use declined over time [62] . Two studies let end-users participate in all conditions, which resulted in a longer playing-time than allocated, higher than expected speech improvements compared to natural conversation [69] , and that healthy end-users significantly increased successful pointing tasks and challenged experiences in the tailored session, compared to random adaptation but without differences in experiences (difficulty, frustration and fatigue) in a post-stroke therapy game [64] . Studies with a control group found significant effects in the intervention group regarding a decrease in fat mass, weight and BMI (Body Mass Index), [68] , better arithmetic skills, higher intrinsic motivation, feelings of self-competency and attention [63] , and enhancement in all 8 domains of cognitive performances compared to 4 in adherence only, or 6 in intent-to-treat of the control group [65] . Note: X1 is study 1, X2 is study 2.
Studies which involved stakeholders in either User Controlled Customization or Use-Dependent Adaptation of the Tailoring Phase
Combining the Product Design and Tailoring Phase
Studies that involved stakeholders in Product Design-and Tailoring Phase had some methodological limitations. The studies were effective with regard to various outcomes measurements. For example, end-users had positive experiences while interacting with the prototype game, e.g., that the prototype was appealing but also had some improvements for the design [75] , or that the product was easy to use by the end-users, who also experienced a higher perceived wellbeing [76] . Studies with a control condition, showed improvements in physical health in the experimental condition on physical health, for example, a significant increase in steps per week, but also an increase in weight, BMI and percentage body fat in both experimental and control condition [81] , and an improved medication adherence accuracy from 43% to 56% in end-users interested in games [86] . A paper that involved two studies reported significant improvements in the upper limb motor function in both studies, as well as improvements in global function in the first study [74] . A study where end-users participated in all study conditions, with different tailoring algorithms, reported that seven of the eight participants could interact with the product, of which six reached the recommended energy expenditure levels, and that the algorithms influenced scores and experiences [84] . Other studies found that the BMI decreased for overweight/obese participants, increased in an underweight participant, and was maintained in healthy participants [77] and that tailoring game-levels to the abilities and performance positively affected body movements during therapy [85] . End-users connected with their avatar (it represented them in performance), and this had (in)significant positive effects on upper-limb stroke rehabilitation [87] . Studies that involved participants with ASD found some engagement with a robot through interaction flow and self-initiation behavior, but with room for improvement [82] , and more social engagement and less playing alone, but only when interacting with a robot [83] . Lastly, five out of seven active duty soldiers and one veteran with PTSS were successfully treated by the use of a tailored Virtual Reality, but one did not benefit and two other participants discontinued the therapy [88] . Studies that involved stakeholders in different combination of the PDP phases had some methodological limitations. Studies noted that a product could be more than an icebreaker as it could improve client-patient relationship, but there were also some engagement concerns, according to therapists [80] . Additionally, studies with a control group resulted in enhancements in selective and sustained attention and in overall visual motor abilities, combined with future design requirements [79] , but also in design requirements for a product to motivate physical activity in adolescents [78] . Lastly, involving stakeholders in Problem Definition-and Tailoring Phase resulted in effects on playability, where only one user improved control of gestures [73] .
Other combinations of involving stakeholders in the design Phases
Validating the influence of games involved in Personalized Design Process
Normally, effects are quantitatively measured by studies that compare an experimental condition with a control group. However, most studies in this literature review were of low methodological quality due to the low number of participants, absence of control group(s) or use of qualitative measurements (e.g., [6]) or non-validated questionnaires. Validated questionnaires that are often used to quantitatively measure the usability or experience of games, are the User Experience Questionnaire [96] and the System Usability Scale [97] . Other validated questionnaires that can measure the health related transfer effect also exist (e.g., Child Depression Rating Scale Revised (CDRS-R) [98] , when measuring depression). A minority of 17 studies did include a control group, where end-users only participated in either an experimental or control condition. All found positive results in health related transfer effect, interaction experience and behavior. Of these studies, a majority of 9 studies randomly assigned their participants to either the control or to the experimental group [7, 49, 57, 61, 63, 65, 74, 79, 86] . Generally, the reviewed studies compared experimental groups who received a serious game, that was designed via stakeholder involvement in phases or a phase of the PDP, with groups that received Treatment As Usual without such a game. Other studies compared groups of patients with groups of healthy end-users. Such a comparison can clearly show the health effect of the serious game, but makes it impossible to show the effect of personalization. In order to test the effect of personalization, a comparison should have been made between a product that was developed with stakeholder involvement in the PDP and a product that was developed without stakeholder involvement in the PDP. A majority of the studies with a control group involved stakeholders in the Tailoring Phase [7, 47-49, 54, 57, 61, 63, 65, 68] , of which some studied the effect of personalization by comparing tailored vs. non-tailored interventions [7, 49] , or a personalized intervention with a likewise non-personalized intervention [47] . Other studies that involved stakeholders in the Tailoring Phase, compared activities with a personalized game product to a standard activity that used a paper and pen method [48] , a motivational and tailored learning method with the same learning method but without the motivational and tailored variables [63] , and patients with healthy controls [54] . Studies also compared a personalized game with two elected exercises [61] , a tailored training with a computer game [65] , a training with additional a tailored diet game [68] , or did not study or further describe the control group in the paper [57] . Involving stakeholders in the Tailoring Phase seems to have positive effects on the end-users regarding the interaction experiences (e.g., that a product was usable and acceptable [54] ), interaction behavior (e.g., reduced agitation and improved mood during an intervention with Alzheimer patients [47] ), and health related transfer effects (e.g., significant effects in the intervention group regarding a decrease in fat mass, weight and Body Mass Index, [68] ). For a more detailed description of the effects, see the result section 3.3. Because some studies that involved stakeholders in the Tailoring Phase used an experimental setup, that compared a tailored with a non-tailored group, we can only draw conclusions regarding the additional effect of stakeholder involvement in the last phase of the PDP and recommend game designers to involve stakeholders in this phase.
Studies that focused on the health related effect of stakeholder involvement in the Problem Definition-and Product Design Phase of the PDP did not focus on the effect of this personalization. Therefore, it is difficult to conclude that the reported outcomes of the studies were due to stakeholder involvement in these phases. However, some studies did attempt to study the effects of a personalized game. For instance, the two studies that involved stakeholders in both Problem Definition-and Product Design Phase [38, 39] , compared participants with autism spectrum disorders (ASD) to participants without ASD or two experiments to see if there was improvement on the outcome measures between the two. These studies found mixed results regarding interaction behavior [38] and positive self-assessed health related transfer outcomes regarding learning about a health aspect [39] . Three studies that involved stakeholders in both Product Design-and Tailoring Phase [74, 81, 86] , compared an exercising game with exercises in laboratory sessions [81] , two groups that had the same app of which one also consisted of a game [86] , and therapy alone with the same therapy that also consisted of a personalized game [74] . The games that were designed by stakeholder involvement in both the Product Design-and Tailoring Phase seemed to result in positive [74, 86] and mixed results regarding interaction experience positive [81] , positive results regarding interaction behavior (e.g., how the end-user used the product [86] ), and health-related transfer effects (e.g., regarding physical functioning and improvement in medication adherence [74, 86] ) that were not always fully positive [81] . Only two studies involved stakeholders in all the PDP phases [78, 79] , and compared a treatment group (that received extra sessions with games) with a control group (who did not receive these), or let groups use different kind of likewise tools. This seemed to result in different but mostly positive interaction experiences [78] , and in interaction behavior and health related transfer effects [79] . For a more detailed description of the effects of studies that focused on the effect of these combinations of phases, see the result section 3.3. To study the additional effect of stakeholder involvement across the (other) phases of the PDP, future studies need robust experimental designs that compare personalized versus non-personalized games. The games that were described in the reviewed papers contained specific game-elements. Game-elements are the elements that are found in games [99] , that motivate the player for specific behavior [100] . In papers that focus on personalization, the game-elements have a more abstract role when stakeholders are involved in the Problem Definition Phase, compared to the Product Design-and Tailoring Phase. Generally, game-elements are shaped in the Product Design Phase, of which some studies test these game-elements in the Tailoring Phase. Therefore, game-elements were more "visible", because they are better described and tested in the Product Design-and Tailoring Phase (Table 15 ). When stakeholders were involved in the Tailoring Phase, games were used that mostly contained game-elements like "progression", "levels", "reward points" and "avatars". Especially an avatar was often present, since they could be tweaked to the preference or behavior of the user (e.g., let end-users tailor an avatar by giving them freedom to do so [7] ). "Points" and "progression" were often combined, because progression or levels can make the points more meaningful: by receiving points, the end-users can see how they progress and eventually reach higher levels. When stakeholders were involved in the Product Design Phase, "progression" and "points" were also often present, but mostly combined with social game-elements, puzzles, and quizzes. In one study, end-users could tweak a game-element themselves, e.g., by adjusting the difficulty level of the game [63] . The type of tailoring (e.g., tailoring avatars) was studied in isolation. However, if more game-elements were present in a product, the effects of these game-elements were not measured in isolation, but as a "black box".
Involved game-elements across the PDP
Discussion and conclusion
To our knowledge, this is the first systematic literature review on personalization in games for health. Existing literature from personalized design methods were applied to propose the Personalized Design Process model and to investigate if and how personalization in game design is effective in the context of health. The aim of the PDP-model, which consists of three different design phases in which personalization can be applied, is to provide insights in when personalization can be applied in the design process. The effect of this personalization is aligning a product to the needs and preferences of the end-users [8, 101] . This can increase the satisfaction with and the value of the product [102, 103] , the interaction time with the product, and consequently it can positively influence the health related transfer effect. It can be concluded that stakeholders (mostly end-users and domain experts) were often involved in the Tailoring-and Product Design Phase only, and not in the Problem Definition Phase of the PDP. The problem was often pre-defined, for example, by the government or principal, without any check whether it was the correct problem to target [102] . However, it would be preferable to also involve stakeholders in Problem Definition Phase, because this can serve as the basis of the whole design process and provide a more holistic picture of problems and aspects to focus on [104] .
If the problem that the game will tackle is not checked with the stakeholders (especially the end-users and domain experts), it is possible that the game is designed for a problem that does not exist or is not possible to improve. This would make it difficult or even impossible to obtain positive results, especially regarding health related transfer effects.
Within the Product Design Phase, we observed different stakeholder involvement, where stakeholders were most often only involved in Embodiment. They could provide comments, suggestions or guidelines, but they could also design products, help designers, and give feedback. It is probable that it would have taken too much time, been too expensive, or not found necessary to also involve stakeholders in short passive tests in Ideation (for example, about the usability) [105] . A majority of the studies only involved stakeholders in the Tailoring Phase. Possibly, this phase is the most important phase for stakeholder feedback in the design process, or perhaps stakeholders can be involved more easily in this phase. Studies often used a Kinect device to give tailored visual feedback to the user about their performance or remaining time, or to tailor the difficulty of the tasks to the end-user input (e.g., in-game performance). The end-user's name was also often used when feedback was given, in order to make the feedback or content more personally relevant and thus more motivating and persuasive for the end-user. End-users actively tailored avatars, which gave them the opportunity to connect to the avatar, as if it was a representation of themselves. Unexpectedly, the objectives, difficulty level or the stimuli of a product were often tailored by others (mostly domain experts). There was an expectation that both a domain expert and end-user would be involved in tailoring these assignments together, e.g., by letting domain experts tailor assignments of which an end-user could choose from, because this would optimally combine the expertise of both the end-users (about preferences and needs) and the domain experts (about theoretical proven assignments or therapy aspects). In addition, it would also give the end-users a sense of choice, which could promote engagement [106] .
The studies generally found positive effects on interaction experience, interaction behavior and health related transfer effects. However, because the duration (in time) of the studies was heterogeneous [45, 54, 73, 83] and a majority of the validation methods were not methodologically sound (i.e. a low number of participants or use of measurements that were not valid or reliable), it is hard to compare the results of these studies and to warrant conclusions on the effects of stakeholder involvement across the PDP. Of the 62 studies included in our literature review, a majority (50) had a small study sample (N=< 50) . Only 17 studies used a control group, of which nine randomly assigned their participants to either the control or the experimental group [7, 49, 57, 61, 63, 65, 74, 79, 86] . Taking these limitations and results into account, it can only be suggested that it is important to involve stakeholders across the Product Design-and Tailoring Phase for a more effective design of games for health. It should be mentioned that involving stakeholders in the PDP can also have some disadvantages. It takes time, money, and effort to let stakeholders participate in the design process [105] . However, if involving stakeholders in the PDP results in better outcomes regarding the experience, behavior and health related transfer effects, this can be seen as more important compared to the disadvantages. Balancing the amount of personalization to the expected outcome enhancement should be performed in advance of each game design process. It is possible that our review strategy did not result in retrieving all available studies on the effects of stakeholder' involvement in the Personalized Design phases, because of the different definitions of personalization that currently exist [107] . We attempted to minimize this, by brainstorming the search strategy and selection of keywords with expert researchers from the field of co-design and personalization, and from psychology and game design. We also proposed a PDP model, which would make it possible to extend the potential of personalization towards a better design in the context of health, and limit the confusion within this field. It should be noted that we did not systematically take user-centered design into account, because according to our definition, it can be part of co-design. It is standard to at least (iteratively) test a product once with possible end-users, and to check whether they understand and can use the product [8, 102] .
Within the PDP model, we used the general term 'Tailoring' for both User Controlled Customization and Use-Dependent Adaptation. Some studies focused on the technical challenges regarding tailoring, and not on the effects of tailoring. This made it difficult to study the effects of the design outcomes in terms of personalization. It should be noted that in addition to our two tailoring types, we also found another type of tailoring that we termed "Context Dependent Adaptation", where a product is tailored based on the specific context of the end-user. However, with this type, the end-user has no active role in tailoring. Therefore, we did not focus on Context Dependent Adaptation in this review. Examples of this kind of tailoring are studies that personalized a game to the context of end-user (treatment of burn wounds) [108] , that let designers make suitable levels for end-user context without influence of end-users or other stakeholders [109] , or where tailoring was done based on gamer types, aiming to motivate behavior for each gamer type [110] .
In addition to the definition of personalization, the involvement of stakeholders in at least one of the three design phases of the PDP, there may have been confusion regarding the definition of games and gamification and thus some studies could have mistakenly been excluded. Generally, gamification is defined as "the use of game design elements in non-game contexts" [111] and games with a serious aim can be considered as games that do not primarily have an entertainment purpose, but aim towards something "serious", like influencing knowledge [99] . It is interesting that in only one study, end-users could actively tweak the game-elements, e.g., the difficulty level [63] . Some game-elements were commonly involved across the reviewed studies. Points and progression were often combined, e.g., by designing a threshold of a number of points before the user could proceed to the next level, and avatars were often applied to represent the user within the game. However, the effects of these game-elements were not measured in isolation, but as a "black box", making it impossible to measure the influence of separate game-elements. Only the 'way of tailoring', e.g., tailoring the difficulty level to the user or an avatar in different ways, was studied in isolation. It would be preferable to study the separate influence of specific game-elements, to know which specific game-element influences motivation and effect, and how this occurs.
Regarding the different stakeholder involvement when designing games for health, Baranowski et al. (2016) [112] divided the stakeholders into "those who (a) are interested in using games for health to advance their or their organization's agenda, (b) may benefit from playing the games, (c) create games for health for profit, and (d) conduct research on games for health." [112] . The PDP stakeholders can be divided according to these roles. Domain experts are those "interested in using games for health to advance their or their organization's agenda", end-users, family and domain experts are those that "may benefit from playing the games" and designers and experts are those that "create games for health for profit", as well as those who "conduct research on games for health.". We thus agree that involving stakeholders across the creation of a game in the context of health is important, in order to ensure that the game meets their needs, expectations and preferences [112] . However, we recognize a difference between Baranowski's stakeholders. The main difference is that our PDP model also explicitly takes the Problem Definition-and Tailoring Phase into account, and that stakeholders should be involved across all the PDP phases when designing games that aim to positively influence health aspects of end-users.
According to a meta-analysis by DeSmet and colleagues (2014), games should be dynamically tailored to both behavior change needs and socio-demographic information (e.g., tailor the difficulty level to what the user can master). This is already present in our PDP, by involving stakeholders that know about theories of games and behavior change (domain experts and designers) in the whole PDP [113] . We defined 'tailoring based on the performance of the user' as "Use-Dependent Adaptation", and 'tailoring to socio-demographic aspects of the end-user' as "Context Dependent Adaptation". In a meta-analysis of 61 studies focusing on stakeholder involvement (more specifically endusers) in serious digital games for healthy lifestyle promotion, DeSmet and colleagues (2016) found other results when end-users were involved in designing games for healthy lifestyle promotion. If they were involved in "participatory design", where end-users were involved as informants, behaviour was changed significantly less effectively than when they were involved in pilot-testing [114] . Participatory design was also related to lower effects on self-efficacy than when end-users were not involved in game design or in pilot-testing. When involved in co-design, stronger health effects were noted when involved in game challenges, but weaker health effects when involved in character and game world creation. This suggests that how stakeholders are involved in personalization can influence the health effects, and that a specific type of stakeholder (end-users) should be equal partners in design instead of being only informants. However, it should be noted that their-and our definition differs: according to DeSmet and colleagues (2016), participatory design represents stakeholder involvement as informants (where they give input and feedback) or as co-designers (where they are equal partners). Co-design thus has a specific role that end-users can have within participatory design. However, according to our definition, participatory design and codesign differ from each other, since co-design puts less weight on the emphasis of user empowerment, as is the case in participatory design [2] . In addition, DeSmet and colleagues (2016) state that users are equal partners in the design process when co-designing. We believe that it is important to give the user the position of 'expert of his/her experience', but that the design responsibility belongs to the design team, since that is their field of expertise. Besides, we also take into account other stakeholder, instead of only end-users as is the case in the study of DeSmet and colleagues (2016).
Future work and conclusion
To conclude, the results of our literature review do not yet allow definite conclusions about whether and when involving stakeholders in the PDP (Problem Definition-, Product Design-and Tailoring Phase) has added value in terms of effect. Therefore, the current motivation to involve stakeholders can be seen as a theoretically driven concept rather than an empirically driven concept. Our findings suggest that stakeholders should be involved in the Tailoring and Product Design Phases. However, a majority of the reviewed studies were hampered by small sample size, lack of control conditions, and other methodological weaknesses. Future studies thus warrant solid evaluation and design strategies for personalization, which may lead to empirically founded conclusions that personalization really enhances behavior, experiences or the health related transfer effect in the context of games for health. However, these future studies should choose their research method with care, because the "golden standard" for experimental validation, a placebo-controlled double-blind study, is complicated using serious games for health as intervention instead of a medical pill you can swallow. Designing products with stakeholder involvement takes a lot of time, and designing control groups in this context is difficult. This is because almost all serious games mix the serious content with the game content and because it is almost impossible create a 'placebo'-or 'control'-game by removing one component without changing the other. Besides, end-users may have different experiences and be differently affected by a game, and participants cannot be blinded [112] . In addition, the 'black-box' of game-elements should be made more visible, by studying the effects of separate and combined game-elements within this context.
In this literature study, we have defined personalization and how it can be applied within the games for health design process. We recommend that future studies not only focus on involving stakeholders in the Product Design-and Tailoring Phase of a PDP, but also to methodologically test whether this stakeholder involvement in the PDP results in better outcomes on experience, behavior and health related transfer effect, by the use of suitable control groups [95] . 
